The current Association of Official Analytical Chemists method for testing tuberculocidal activity of disinfectants has been shown to be inaccurate and to have a high degree of variability. An alternate test method is proposed which is more accurate, more precise, and quantitative. A suspension of Mycobacterium bovis BCG was exposed to a variety of disinfectant chemicals and a kill curve was constructed from quantitative data. Data are presented that show the discrepancy between current claims, determined by the Association of Official Analytical Chemists method, of selected commercially available products and claims generated by the proposed method. The effects of different recovery media were examined. The data indicated that Mycobacteria 7H11 and Middlebrook 7H10 agars were equal in recovery of the different chemically treated cells, with Lowenstein-Jensen agar having approximately the same recovery rate but requiring incubation for up to 3 weeks longer for countability. The kill curves generated for several different chemicals were reproducible, as indicated by the standard deviations of the slopes and intercepts of the linear regression curves.
It has become obvious that the current Association of Official Analytical Chemists (AOAC) method for the measurement of tuberculocidal activity of disinfectants is not accurate or reproducible. Based on the AOAC use dilution method, the current procedure has gone unchanged and has not kept pace with developments in technology. Several proposals have been made to go from carrier-based tests such as the AOAC tests to more quantitative procedures (10, 12, 13) . A filtration method using a suspension of bacteria has several advantages over a carrier or surface method. The residual germicide can be completely removed, it allows for sampling of the entire volume of disinfectant, and the data are quantitative, allowing for better statistical interpretation. Also, carrier tests do not allow for sampling of the disinfectant; therefore, solutions high in detergency but low in lethal activity may be shown to be efficacious even though viable organisms remain in the test solution.
Studies have shown that many disinfectants support the existence of bacteria for long periods of time (1, 5, 11, 15) , making it important that solutions contaminated by used equipment be checked for surviving bacteria. A case of cross-infection of patients through contamination of endoscopes by reused disinfectant has been reported (8) . Suspension tests and other quantitative methods have been applied previously (4, 5, 13, 14 Trudeau Institute, Saranac Lake, N.Y. Cultures for testing were grown by addition of 1 ml of previously frozen culture to 10 ml of modified Proskauer-Beck medium containing 0.1% Tween 80 (Rohm & Haas Co., Philadelphia, Pa.). This was incubated for 18 to 21 days at 37°C with daily manual shaking. The culture was added to 100 ml and incubated as described above, and the 100-ml culture was added to ) and 95% confidence limits (----) are shown for each set of data. All studies were done at 20°C. CFU/ml with saline containing 0.05% Tween 80. A 1:10 dilution of the test culture was made in the germicide; samples were removed at intervals, added to an equal volume of neutralizing solution, and diluted in saline, and 1 ml was filtered through a 0.45-,um (pore size) membrane filter (Millipore Corp., Bedford, Mass.). Filters were washed with 250 ml of sterile distilled water, placed on recovery medium, and incubated in plastic bags (<0.05-mm thickness) for 18 days at 37°C. Colonies were counted with a dissecting binocular microscope with lateral lighting. The efficacy of the test solution was estimated by either determining the end point at which no surviving organisms were found or constructing a graph of the data and extrapolating the upper 95% confidence limit (determined from at least four independent Table 1 were generated with the current AOAC test method. A series of glutaraldehyde-based solutions and the phenol controls were tested on five consecutive days with samples of the culture described in the AOAC procedure. The data were not reproducible, and all solutions except no. 6 passed on at least one day. The data with phenol solutions indicate that the resistance of the culture changes over the 5-day period, which may explain the variation in test results.
Filtration method. The data obtained by the proposed method were quantitative, unlike the pass-fail information obtained with the AOAC method. The reproducibility of the data generated by this method was demonstrated by the data Fig. 1 in Fig. 1 . Data from several independent studies of four different germicides were plotted with the regression line and 95% confidence limits. The scatter in the data was reasonable, as substantiated by the small variation in the slope and intercepts of the regression line ( Table 2) . The proposed method, unlike the AOAC method, allows for use of only one medium. The differential effect of chemicals on bacterial cells requires that a recovery medium be capable of bringing about recovery of cells damaged in a variety of ways. A study was done to determine whether one of the commercially available media for mycobacteria meets this need. Cells were exposed to three germicides, 2% glutaraldehyde, sodium dichloroisocyanurate, and 0.8% phenol and then recovered by the method described above with 7H10, 7H11, LJ, or tryptic soy agar (supplemented with oleic acid enrichment). The data in Table 3 indicate that 7H10, 7H11, and LJ agars were equal with regard to the number of organisms recovered. Use of any of these media is likely to generate the same claim for tuberculocidal activity. However, LJ medium required 2 more weeks of incubation (5 weeks) than 7H10 or 7H11 agar. Enriched tryptic soy agar did not support the growth of treated or untreated cells. Therefore, either 7H10 or 7H11 agar is recommended for use.
Data generated by the proposed method for some commercially available disinfectants are listed in Table 4 . All except sodium hypochlorite (0.05%) and glutaraldehyde B have claims that are considerably longer than the original claim. Glutaraldehyde B solution directions indicate that the sterilization claim should be used for tuberculocidal activity, i.e., 10 h. When tested by the AOAC method (data not Hypochlorite (0.05%) 10 5 Quaternary ammonium compound 10l >60 a Label claim based on manufacturer-supplied data obtained by the AOAC method.
shown), it failed even with this exposure time. However, its similarity in chemical composition to glutaraldehyde A suggests that the 70-min efficacy time determined with the proposed method for glutaraldehyde B is more accurate because it is identical to that determined for glutaraldehyde A. Figure 2 indicates that the tuberculocidal claim for this particular germicide (2% glutaraldehyde A in Table 4 ) should be 70 min at 20°C. The 70-min claim was determined by using the 95% confidence limit to estimate the time required to kill all but 1 CFU/ml. This same germicide has been tested in our labs and in several outside-contract labs by the AOAC method with exposure conditions of 10 min and 20°C. The results of the AOAC tests showed a 50% pass rate under these conditions. Theoretically, this solution could be regis- (9) . The low and inconsistent cell yields make the procedure of dubious value. Other procedures require the use of mycobacteria in sputum. The problem is obtaining sputum samples with large numbers of organisms and also large amounts of contaminated sputum. The use of artificial sputum having a known quantity of mycobacteria could be used to overcome this problem. In carrier tests, often the carrier required is not realistic since it does not represent the actual types of material that will be disinfected or sterilized, e.g., porcelain and silk sutures. Some suggest that these carriers increase the difficulty of the test; however, they have been shown also to be a source of variation.
Although the realism of a carrier test may dictate its use, there are several theoretical disadvantages. A suspension test avoids differences in porosity and electrical charges exhibited by different surfaces. One study suggests that porous surfaces require higher disinfectant concentration than do smooth surfaces. The drying procedure used to attach cells to the carriers changes the resistance of the organisms. The carrier test is a measure of both killing and the detergency of the solution. A suspension test eliminates these variables and, as demonstrated in this study, is more reproducible.
With increased emphasis on reuse of disinfectants for up to 1 month, claims must be accurate and include a valid margin of safety. This can only be accomplished with a method that provides accurate reproducible data. The AOAC method may have been considered state of the art 20 years ago; however, the data presented here and recently published data (2, 6) show that changes in methodology are warranted so that the safety of patients is never in doubt. An intralaboratory study to verify the method is now under way, with an interlaboratory study under the auspices of the AOAC to follow.
